Background: Data that directly associate utilization of novel systemic therapies with survival trends in metastatic breast cancer (MBC) are limited. In the setting of de novo MBC, large registry analyses cite positive temporal trends in survival, but the extent to which advances in systemic therapy have contributed to these gains is not clear. Methods: The City of Hope Cancer Registry was used to identify a consecutive series of patients with de novo MBC who received their first line of therapy between 1985 and 2004. Comprehensive clinicopathologic and treatment-related data were collected for each patient. Univariate analyses were conducted via Cox regression to identify factors associated with improved survival. Multivariate analysis was also conducted via Cox regression and the stepwise procedure was used to identify independent predictors of survival. Results: A total of 324 patients with de novo MBC were identified. After application of exclusion criteria, including the sole presence of supraclavicular node metastasis, 274 patients were retained in the analysis. The treatment-related characteristics associated with improved survival included: use of endocrine therapy (hazard ratio [HR] 0.60, 95%CI 0.47-0.77; P<0.0001), and addition of bisphosphonates (HR 0.70, P=0.02). However, recipients of novel cytotoxic agents (defined as drugs approved for MBC since 1994) had no improvement in survival relative to patients treated with older cytotoxic agents. On multivariate analysis, age (< 50), receipt of aromatase inhibitors, and receipt of zoledronic acid were independent predictors of survival.
Background
Over the past 30 years, the survival of women with early stage breast cancer has been prolonged [1] . In addition to earlier detection, the use of adjuvant chemotherapy and endocrine therapy following definitive surgery and radiation therapy is credited with a significant improvement in overall survival. However, these same systemic therapies that prolong the survival of women with early stage disease are only palliative in metastatic disease. For women with metastatic HER2 positive breast cancers, the addition of trastuzumab to first line chemotherapy has been shown to both prolong both the disease free and overall survivals [2] . Shortly after the FDA approved trastuzumab for metastatic breast cancer (MBC), an FDA panel was convened to review the indications for approving new agents as first-line therapy in advanced breast cancer. The committee recommended that improvement in overall survival should be demonstrated for an agent considered for the first line treatment of advanced breast cancer [3] .
Since 1994, a number of agents have been shown to be active in advanced breast cancer. These include: paclitaxel, docetaxel, capecitabine, vinorelbine, gemcitabine, nab-paclitaxel, and ixabepilone [3] . The recent debate about the use of bevacizumab in breast cancer has forced us to re-evaluate the risk benefit ratio of our interventions and to question if prolongation in overall survival is a realistic benchmark for all new agents [4] .
The goal of this study was to assess the impact of newer chemotherapy agents on overall survival of women with newly diagnosed de novo metastatic disease (i.e., primary distant MBC). Several other investigators have used existing databases to determine whether advances in systemic therapy have improved patient survival over different time intervals [5] [6] [7] [8] [9] [10] . These studies have generally included both women who developed recurrent disease after adjuvant chemotherapy and/or endocrine therapy and patients treated with endocrine therapy. Using the City of Hope Cancer Registry, we compared the overall survival of women with de novo metastatic breast cancer treated between January 1, 1985 and December 31, 1994 with the overall survival of women diagnosed between January 1, 1995 and December 31, 2004 with attention to the impact of chemotherapy on disease outcome.
Methods

Patient selection
A consecutive series of patients with de novo MBC were identified from the City of Hope (COH) Cancer Registry through an IRB approved protocol. The registry houses data on all patients who receive cancer treatment at the institution. This database has been maintained for over three decades and includes patient demographic information and disease-related variables, including diagnosis, date of diagnosis, pathologic assessment, sites of metastasis, and type/modality of treatment. Disease and vital status are updated at least annually, and date of last follow-up or death is recorded. Vital status is confirmed by either cross-referencing clinician reports or the Social Security Death Index. Patients eligible for the current analysis were those with de novo MBC diagnosed between January 1, 1985 and December 31, 2004. For consideration in the current study, patients were required to have stage IV breast cancer as defined by the American Joint Committee on Cancer (AJCC) Cancer Staging Manual (6 th Ed) [9] . A relevant change in this edition was designation of ipsilateral supraclavicular node involvement as N3 disease (previously considered M1 disease). Thus, patients diagnosed with stage IV disease on the basis of ipsilateral supraclavicular node involvement alone were excluded from analyses. Medical records for each de novo MBC registry case was reviewed in full by the principal investigator (S.K.P) or trained associates (S.O.; S.W.) to ensure completeness and appropriateness for inclusion in the current study.
Variables
Variables obtained from the registry included date of birth, date of diagnosis, date of death or last follow-up, estrogen receptor (ER) and progesterone receptor (PR) status, human epidermal growth factor receptor 2 (HER2) status, tumor histology, and sites of metastases. As hormone receptor status was not reported consistently by the cancer registry prior to January 1, 1995, incomplete data were supplemented through review of pathology records. Hormone receptor status was assigned in the context of institutional reference ranges for the assay utilized. HER2 status, primarily available for patients diagnosed with breast cancer since 1998, was also obtained from the pathology records when not recorded in the registry. Patients were considered HER2-positive if immunohistochemical staining for HER2 was classified as 2+ or 3+ or the HER2/neu: centromere 17 ratio determined by fluorescence in situ hybridization (FISH) was ≥ 2.2. Histology was classified as either inflammatory or non-inflammatory. Sites of metastasis were coded as liver, lung, brain, bone, supraclavicular node, and soft tissue. Thorough chart review was conducted for each patient to ascertain treatmentrelated data. To stratify patients based on receipt of older and novel cytotoxics, the most commonly used cytotoxic agents were divided into two categories (A and B), noted in Table 1 . Endocrine therapy was segregated into use of selective estrogen receptor modulators (SERMs), AIs, luteinizing hormone releasing hormone (LHRH) analogues, and fulvestrant. Patients who were treated with lapatinib or trastuzumab were coded as receiving HER2-directed therapy. Bone-directed therapy with intravenous bisphosphonates was coded separately for pamidronic and zoledronic acid. To examine temporal trends, the cohort was divided into two groups based on date of diagnosis: (1) between January 1, 1985 and December 31, 1994 (Period A), and (2) between January 1, 1995 and December 31, 2004 (Period B). Stratification into these two time periods was predicated on the approval of paclitaxel in 1994 -after this time, those agents listed into Category B (see Table 1 ) also gained FDA approval.
Statistical analysis
Patients in each period were followed until the first of the following occurrences: death, date of last follow-up, or until 3 years after the end of the study period (i.e., 
Results
Patient characteristics
Of 324 consecutive patients with a diagnosis of de novo MBC, 274 are included in the analysis. Reasons for exclusion included supraclavicular nodal disease only (n=29), misclassification of recurrent disease (n=15), and patient refusal of consent for research use of clinical information (n=6). Clinicopathologic and treatmentrelated data for all patients is summarized in Table 2 . The median follow-up of survivors was 2.5 years for the overall population.
Univariate analyses
Univariate analyses of survival by clinicopathologic predictors are presented in Table 3 . Patients diagnosed during period B had a slightly longer median survival as compared to patients treated during period A, although this difference was not statistically significant (3.0 years vs 2.5 years, respectively; P=0.10 Table 5 .
Discussion
The impact of systemic therapy on the survival of women with metastatic breast cancer over time has been addressed by seven different investigators and these results are summarized in Table 6 . All studies suggest that modest improvements in overall survival have been observed in recent years. An improvement in overall survival advantage is most pronounced in the trials where a higher percentage of women have hormone receptor-positive disease. We also observed a survival advantage for women with hormone receptor-positive disease and those who received an aromatase inhibitor. These observations are consistent with the published literature which demonstrates that a third generation aromatase inhibitor prolongs the survival of women with MBC compared with a progestational agent [11, 12] . The Hellenic Trialists compared the overall survival for women enrolled in 10 different treatment trials for MBC over a 15 year time interval and reported improving survivals over time [7] . This Greek series is confounded by the inclusion of women on trastuzumab- containing regimens since 1999, a treatment that is unquestionably associated with an improved overall survival. In our series, the number of women receiving trastuzumab-containing chemotherapy was too small to demonstrate a survival advantage.
In our study and that of Andre, the trials included only patients who presented with de novo metastatic disease and reported an overall improvement in survival [5] . However, the survival advantage was largely attributed to benefits from endocrine therapy. We found no advantage to the use of the newer chemotherapeutic agents and Andre found no survival advantage for women with hormone receptor-negative disease [5] .
We uniquely identified that the use of intravenous zoledronate was predictive of an improved survival. Given the lack of data supporting a survival advantage for bone-directed therapies in metastatic disease, we hypothesize that the improved survival observed is indicative of improved palliative care.
All the published series are retrospective reviews and the results are confounded by improvements in radiologic imaging, changes in the staging system, and potential for lead time bias. Some of the series included women with locally recurrent disease, a pattern of recurrence that is associated with a more favorable outcome. Only our study and that of Andre included only patients with de novo metastatic disease [5] . It remains uncertain if the natural history of de novo metastatic disease differs meaningfully from recurrent disease after treatment of early stage cancer. We are currently reviewing the outcome using the same analysis employed here to assess the impact of newer systemic therapy in women with recurrent MBC. We anticipate that this will provide additional hypothesis-generating data. 
1995-2004
Conclusions
In reviewing the available literature, it appears that advances in endocrine therapy and trastuzumab are largely responsible for overall survival improvements in the treatment of metastatic breast cancer. Improvements in endocrine therapy and the use of trastuzumab appear to have improved the survival of women with advanced breast cancer. The impact of conventional chemotherapy on survival appears to be minimal in the context of our retrospective cohort; perhaps these findings warrant more definitive exploration through the formation of multi-institution databases. These multi-institutional databases should include ideally include the same granularity of data as in our analysis and other, and should also capture surgical and radiation data to infer the benefits rendered from these modalities. Findings from such efforts could surely supplant the existent studies which draw from limited single-institution experiences.
